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��� TMUAz)�)�e�)w«[)\ HISAK {etAu��?j���� 2 �A�	� 3 �A�){�
�����e�����)�������A`eb?TMU������M}A|��?{��� ]����M}�� ZAY�� �e�AL!� X?Y����e�ALI{�"�#�$)]�%���&��M}��('�)�" FORTRAN77 ��*�+�,���)}��.-�,�"�/�0 �
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1 @ ;BADCFEHGBIKJBL
M �M�I�I�a� w«[)\�"�N�OexI]�P�QMzI]��eL�R)]�S�&�T�UV�W��I}��(0 �M� FEM ]�X�Y�ZM��[M]���Ye[A^]\a[^�W��_

1 {�`�ab��c�>��MZAY����?�ALI]���d?[�/"`��?��_ 2 {�`�ab� HISAK e?f�g��?�#�$�h�i��?>���j�kI{����?�)��X�Y�Z
��[�eGc)]�l�m���`�ab�
c main program with comment by izumi 1998-03-30

c----------------------------------------------------------------------

c fortran77 n�o?p�q�r�s�t�u?v�w�xzy�{?|�}?~��?�����?p������?���?q�r�s����
c s�������������~��?�?�����������?p���������s������?n�q�r��?����}��?���
c }��?}?~��?��� fortran90 n�o?t�u?v�w�xzy�������}��?�����?s�n�p� Ws�¡�¢?}
c £���o?¤�¥�¦?}��W�����?��§���p�¨�©�ª�w�«�¬�?n�s�q�r�®�¯�y f(*) }�°�° * �
c ���?��±�²���}��W�����?y�p� ?��³?´���±�²�n���µ¶p * �?��¢? �¦?o?·�¸��W��}?���
c

c ielm : max. number of an element ����¥�¹�º
c inode : max. number of a node ����»�¼�º
c ird : max. number of integration point in one element ½�¥�¹�s�����¾�¿�¼�º
c igk : max. size of stiffness matrix inode*idim À�Á�Â�xWÃ?Ä?Å�s�����¨�Æ�Ç
c ibn : max. size of half band width È�¬�ÉzÊ�s�Ë�¿�s�����¨�Æ�Ç
c ibound: max. number of constrain (force and displacement) Ì�Í�s�����º
c ina : max. number of integration point ielm*ird ¾�¿�¼�s�����º
c inmte : max. number of a node in a element --> 8 ¥�¹�?s�����»�¼�º
c inmnm : max. size of element stiffness matrix inmte*idim ¥�¹�À�Á�Â�x?Ã?Î�Ä?Å�s�����¨�Æ�Ç
c imnum : max. number of the kind of material ����s�Ï�Ð�s�Ñ�Ò�s�º
c idm : dimension Ó�Ô
c icom : number of stress component (2-dim->4 ,3dim->6) Õ�Ö�×�¿�s�º
c----------------------------------------------------------------------

include ’para.inc’ ! Ø�Ù�Ú��?Û�²�����º�£���º
include ’const.inc’ ! Ø�Ù�Ú��?��º

c----------------------------------------------------------------------

c dndx1(i): dni/dxi, dndeta(i) : dni/deta (ni:Ü�Ý�Þ?º�ßàÜ�Ý�Þ?º�s�á�¿
c x(i) : x-coordinate of node i ,y(i) : y-coordinate â�ã
c----------------------------------------------------------------------

dimension dndxi(inmte),dndeta(inmte),x(inode),y(inode),

c----------------------------------------------------------------------

c b(i,j) : elemental stiffness matrix ä�ÂVx?Ã?Î�Ä?Å
c axi(i) : x-coordinate of i-th integration point ( -1 < axi < 1 ) å
c aeta(i): y-coordinate of i-th integration point ( -1 < aeta < 1 ) æ
c h(i) : weight parameter of i-th integration point ç�è?Å�¾�¿�s�é�ê�ë�ì�í?w�î
c d(i,j) : elastic matrix (1-x,2-y,3-z,4-xy) ï�Á�Â�x?Ã?Î�Ä?Å
c----------------------------------------------------------------------

+ b(icom,inmnm),axi(ird),aeta(ird),h(ird),d(icom,icom),

c----------------------------------------------------------------------

c c(i,j) : bt(inmnm,4)*d(4,4)*b(4,inmnm) bt*d*b

c ek(i,j) : element stiffness matrix ¥�¹�À�Á�Â�x?Ã?Ä?Å
c nn(i,j) : node number of i-th local node of element j ¥�¹ j s i ð�ñ�s�»�¼�s�ð�ò
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c----------------------------------------------------------------------

+ c(inmnm,inmnm),ek(inmnm,inmnm),nn(inmte,ielm),

c----------------------------------------------------------------------

c gk(i,j) : global stiffness matrix i: matrix size j:half band width ����À Á�Â x?Ã?Î�Ä Å�� Â�x ÃWÎ�Ä Å�¨ ÆÇ��?È�¬�ÉzË�Ê�ß
c f(i) : force vector of node i Ö���Ä�xzª
c ifor(i) : freedom number of i-th initial load point i ð�ñ�s�Ö��?~������
	���ð�ò
c fb(i) : load value of i-th initial load point i ð�ñ�s�Ö�s�
c----------------------------------------------------------------------

+ gk(igk,ibn),f(igk),ifor(ibound),fb(ibound),

c----------------------------------------------------------------------

c idis(i) : freedom number of i-th initial disp. point i ð�ñ s�Ì�Í��
	
�
c ub(i) : disp. value of i-th initial disp. point i ð�ñ�s�Ì�Í�s�����
c u(i) : displacement value of i-th freedom i ð�ñ s��
	
��s�������Ä�x ª
c ep(i,j,k) : i-th component strain at j-th element

c k-th local integration point j ¥�¹�p k ¾�¿�¼��?����������ê�s i ð�ñ�s�×�¿
c bm(i) : for strain (b matrix for i-th integration point) ����ê
c sg(i,j,k) : i-th component stress at j-th element

c k-th local integration point j ¥�¹�p k ¾�¿�¼��?�����WÕ�Ö�s i ð�ñ�s�×�¿
c bt(i) : transposed b(4,inmnm) matrix

c btd(i) : bt(inmnm,4)*d(4,4)

c----------------------------------------------------------------------

c + idis(ibound),ub(ibound),u(igk),ep(icom,ina),

+ idis(ibound),ub(ibound),u(igk),ep(icom,ielm,ird),

+ bm(ina,icom,inmnm),sg(icom,ielm,ird),bt(inmnm,icom),

+ btd(inmnm,icom),

c----------------------------------------------------------------------

ccc yo(i) : young modulus of i-th material i ð�ñ�s�Ï�Ð�s���¬��
�
ccc po(i) : poisson ratio of i-th material i ð�ñ�s�Ï�Ð�s���t���¬
�
c econ(i,j) : i-th elastic constants of j-th material j ð�ñ�s�Ï�Ð�s i ð�ñ�s�ï�Á���º
c iecon(i) : elastic character of i-th material i ð�ñ�s�Ï�Ð�s�ï�Á���Á��
c nom(i) : material number of i-th element i ð�ñ�s�Ï�Ð�s�Ï�Ð�ð�ò
c nmte(i) : number of a node in i-th element i ð�ñ�s�»�¼�º
c ngng(i) : number of integration point in i-th element i ð�ñ�s�Ï�Ð�s�¾�¿�¼�º
c neus(i) : i : program node number , neus(i) : user element number

c nnus(i) : i : program node number , nnus(i) : user node number ��w�� w�¥ ¹�ð�ò ¦���u ��ì�! s�¥ ¹�� »�¼ ß�ð�ò¦�s�"�Õ
c----------------------------------------------------------------------

c + yo(imnum),po(imnum),nom(ielm),nmte(ielm),ngng(ielm)

+ econ(9,imnum),iecon(imnum),nom(ielm),nmte(ielm),ngng(ielm),

+ neus(ielm),nnus(inode)

c----------------------------------------------------------------------

c n : shape function ni Ü�Ý�Þ?º
c jinv : inverse of jacobian matrix ��#�$?t�¬?Â�xWÃ?Î�Ä?Å�s�%
c jm : jacobian matrix ��#�$?t�¬?ÂVx?Ã?Î�Ä?Å
c----------------------------------------------------------------------

double precision n(inmte),jinv(idim,idim),jm(idim,idim)

c

open(77,file=’datacheck.dat’)

open(2,file=’result.dat’)

c--------------------------------------------------------------

c for subroutie data

c ngauss : order of gauss integration ç�è?Å�¾�¿�s�Ó�º
c npara : analysis condition (0:plain stress,1:plain strain) &�'�Õ�Ö)(*����ê�+�s�,�-
c t : thickness .�/
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c ntn : total number of nodes »�¼�º
c nte : total number of elements ¥�¹�º
c ntf : total number of freedoms �
	
��º
c ie : element number(variables) ¥�¹�ð�ò�� ��º�ß
c ntfor : total number of freedoms with initial load

����� é�s��
	
��º
c ntdis : total number of freedoms with initial displacement

��� ����s��
	���º
c nna : the total number of integration points ¾�¿�¼�º
c mnum : number of the kind of material Ï�Ð�s�Ñ�Ò
c--------------------------------------------------------------

c call data(a,nmte,ngauss,npara,econ,t,ntn,nte,ntf,

c + nn,x,y,ie,ntfor,ifor,fb,ntdis,idis,ub,ngng,nna,

c + nom,mnum,iecon)

call data(a,nmte,econ,t, ! ��Ö���w�î?s���ê���ê 	�
�w�Â�Î�x�o?Â���?t�ª������
+ nn,x,y,ifor,fb,idis,ub,ngng,nom,iecon,neus,nnus)

c--- band width

c--------------------------------------------------------------

c nb : half band width

c--------------------------------------------------------------

call band(nn,nmte) ! È�¬�ÉzÊ�s����
c

call check ! ��w�î?s�������}?«���Î�Ä
c

c call gauss(axi,aeta,h,nmte,ngauss)

call clear(ek,gk,f) ! q�r�s ����� Fortran90 n�o����?p ek=0.0d0; gk=0.0d0; f=0.0d0 ¦�������¡?���
na=0

ccc for all element Ú�����s�¥�¹��������
do 150 ie=1,nte

c--- gauss integration point ç�è?Å�s�¾�¿�¼�s�£���� Â���?t�ª�����ß
call gauss(axi,aeta,h,nmte)

c--- elastic matrix ï�Á�Â�x?Ã?Î�Ä?Å�s�£���� Â���?t�ª�����ß
call dmat(econ,d,nom,iecon)

ccc for all integration point Ú�����s�¾�¿�¼��������
do 100 kg=1,ngng(ie)

xi=axi(kg)

eta=aeta(kg)

hnum=h(kg)

c--------------------------------------------------------------

c na : through number of integration point

c--------------------------------------------------------------

na=na+1

c--------------------------------------------------------------

c rx : real space x-coordinate of integration point

c for axial symmetry element

c--------------------------------------------------------------

c--- apply to interpolation function n, dn/dxi, dn/deta ���Þ?º���å , æ?�����
call int(xi,eta,n,dndxi,dndeta,nmte,rx,x,nn)

c--- jacobian matrix and its inverse matrix

c--------------------------------------------------------------

c detj : det[j] � #�$?t�¬?Â�x?Ã?Ä?Å�¦ ��s�%������
c--------------------------------------------------------------

call jmat(x,y,dndxi,dndeta,jm,jinv,detj,nn,nmte)

c b matrix  ?Â�x?Ã?Î�Ä?Å�s!���
call bmat(jinv,b,n,dndxi,dndeta,nmte,rx)

c b matrix for each integration point (na) ����ê�����s����?s�¾�¿�¼�"�s B Â�xWÃ?Î�Ä?Å�s����
call bmmat(b,na,bm,nmte)
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c btdb matrix [B]^t[D][B]-->c(*,*)

call bdbmat(b,c,d,nmte,bt,btd)

c element stiffness matrix ¥�¹�À�Á�Â�x?Ã?Î�Ä?Å ek(*,*)

call gauss2(c,ek,hnum,n,x,detj,nmte,nn)

100 continue

c ¥�¹�À�Á�Â�x?Ã?Î�Ä?Å��
.�/�p�³�����o���"���s���º��?~����
call gauss3(nmte,ek,t)

c element stiffness --> global stiffness ¥�¹�������À�Á���s�	�����ê
call merge(ek,nn,gk,nmte)

c clear element stiffness matrix ¥�¹�À�Á�Â�x?Ã?Î�Ä?Å�s ����� Fortran90 n�o����?p ek=0.0d0 ¦ ������¡?���
call clear2(ek,nmte)

150 continue

c boundary condition 
������s�£��
call bound(ifor,fb,f,idis,ub,gk)

c gauss-erase-method ç�è?Å�s������
call solve(gk,f,u)

c strain b*a ����ê�s����
call strain(nn,u,ep,bm,nmte,ngng)

c stress d*strain Õ�Ö�s��!�
call stress(d,ep,sg,ngng)

c output {?Ö result.dat

call output(u,ep,sg,ngng,neus,nnus)

c output(averange at node) »�¼�&�����s�{?Ö result.dat

call output_av(u,ep,sg,ngng,nmte,neus,nnus,nn)

c

close(2)

c

stop

end

1.1 �����
������� S � ��� UAY ����T��! �"){�T�U��?��)}��

1.2 #�$�% ( &'$�(�) )

* ��Z�+ �-,����M��f���.��M}�/10AQMO�2I]�S���1�23�1314�510AO�&����M}A|��?{��?> (KA[)\���de[�/%`���<16 )� 2

�A�){�
�7A}eQAOARAS){�8����"���9�:�<�6

1.3 ;�<
j�k)]��?�����)�������A`?b?TMU�&����A}��
• =�>1? 4 @�AATMU
• =�>1? 8 @�AATMU
• ��B1? 6 @�AATMU
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N�O?x�� ~�" 2 ��e 3 ��&��Ah {�1�����)}���@�A�����e��A~�A����)]�	�
 ��_ 3 {�`�ab��-�,�� ]�	�
�"���)v?[�
ABAQUS e����?{�1M}A|��?{�h�i��?>��

1.4 ���
VMW�"�� c�,���,I]������I{�.��M}�0��I{�1�� ��I}�� 2 �I]��I`e� �M]������]- ,�"� �!�1�"�#�e�1M}�>�$��]-M]�"

#���%������V�?��&�'��?>��
j�k){�X�Y�ZA��[�(�e�)�*���`�ab�
• ¿�+ � é

dload.f

--> distributed load (2D version - rectangle)

presst=1.0

pressn=2.0

NODE 1 0.166667 0.333333

NODE 2 0.666667 1.33333

NODE 3 0.166667 0.333333

dload-tri.f

--> distributed load (2D version - triangle )

presst=1.0

pressn=2.0

NODE 1 0.166667 0.333333

NODE 2 0.666667 1.33333

NODE 3 0.166667 0.333333

• é�Ö � é
gload.f

--> gravity load (2D version - rectangle)

NODE 1 0. -8.33333E-02

NODE 2 0. 0.333333

NODE 3 0. -8.33333E-02

NODE 4 0. 0.333333

NODE 5 0. -8.33333E-02

NODE 6 0. 0.333333

NODE 7 0. -8.33333E-02

NODE 8 0. 0.333333

gload-tri.f

--> gravity load (2D version - tirangle)

NODE 1 0. 2.42144E-08

NODE 2 0. 0.166667

NODE 3 0. -1.11759E-08

NODE 4 0. 0.166667

NODE 5 0. -7.45058E-09

NODE 6 0. 0.166667

• ,�Õ�Ö
thload.f

--> initial stress load (2D version - rectangle)

NODE 1 0.166667 0.166667

NODE 2 -8.94070E-08 0.666667

NODE 3 -0.166667 0.166667
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NODE 4 -0.666667 9.68575E-08

NODE 5 -0.166667 -0.166667

NODE 6 -6.70552E-08 -0.666667

NODE 7 0.166667 -0.166667

NODE 8 0.666667 5.96046E-08

thload-tri.f

--> initial stress load (2D version - triangle)

NODE 1 0.166667 0.166667

NODE 2 -1.03687E-07 0.666667

NODE 3 -0.166667 0.

NODE 4 -0.666667 -0.666667

NODE 5 0. -0.166667

NODE 6 0.666667 -5.96046E-08

1.5 ���
XeY�"��(h��!� �M~1A�UMY�� �1� SVe�@1A�UMY�� �1� S����A}�� �M~1A�UMY � �1� S�����	V�W1@1A)]�UMY � �1� S��
 $A}��� @�A�UMY�� σ1, σ2, ... e��?���A~�A�UAY�� σ̂I , σ̂II , ... e?a)}�e?���A~�A�UAYVe�@�A�UAY)]��A{�"�� � e�8)]?TAU���

� (1) ]�����&�������8���������"��M~�A)]?S���7?R���aI}�� si "��A~�AI]������������A}�� N "�?����?S����A}��
∑

i

σiNi(sI) = σ̂I

∑

i

σiNi(sII) = σ̂II

· · · · · · · · · (1)

- ,�" � Ni(s) ���A~�e a)} / � �M`?b x Ns �� ��� ��j k ]A| �?{ *�7A} �1@ A UAY � 
 $A}�> $A{ " Ns ]�!
/ ���A`?b?x�� 
 $����A~�A�UAYI{�+�7�,�"�#���� σ " σi ��$)b�� L�%��?> � ]����A}��

Nsσ = σ̂ (2)

σ̂ = N−1
s σ (3)

a�&�)]?TMU){�
����@�A�UAY�� 
 $��AW�1���>�@1A){�8��� ��' ��e���>��

1.6 ()����*)+�,)-/.10�2
ZAYAKA[)\��?^)_a`?b��? ”datacheck.dat” { X?Y�a)}?gAh��?iAj��?>�� ”datacheck.dat” ]43���j�k){�`�ab�

-----datacheck.dat-----------------------------------

DATA CHECK

PLANE STRESS ANALYSIS
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THICKNESS = 1.0000000000000

NUMBER OF MATERIAL = 1

INTEGRATION ORDER = 2

Material 1

YOUNG= 210000.00000000, POISSON= 0.40000000000000

TOTAL NODES = 15

TOTAL ELEMENTS = 8

TOTAL FREEDOMS = 30

ELEMENT 1: MATERIAL 1 : 4 NODES RECTANGLE

ELEMENT 2: MATERIAL 1 : 4 NODES RECTANGLE

ELEMENT 3: MATERIAL 1 : 4 NODES RECTANGLE

ELEMENT 4: MATERIAL 1 : 4 NODES RECTANGLE

ELEMENT 5: MATERIAL 1 : 4 NODES RECTANGLE

ELEMENT 6: MATERIAL 1 : 4 NODES RECTANGLE

ELEMENT 7: MATERIAL 1 : 4 NODES RECTANGLE

ELEMENT 8: MATERIAL 1 : 4 NODES RECTANGLE

TOTAL INT.POINTS = 32

COORDINATE OF NODES

PRO.NUM. , USR NUM. ,COORDINATION OF NODES <--- Program number & User number

1 2 0.1500000E+01 0.1000000E+01

2 4 0.2000000E+01 0.1500000E+01

3 30 0.2000000E+01 0.1000000E+01

4 1 0.1000000E+01 0.1000000E+01

5 5 0.2000000E+01 0.2000000E+01

6 6 0.1500000E+01 0.2000000E+01

7 7 0.1000000E+01 0.2000000E+01

8 110 0.1500000E+01 0.3000000E+01

9 8 0.1000000E+01 0.1500000E+01

10 9 0.2000000E+01 0.2500000E+01

11 100 0.2000000E+01 0.3000000E+01

12 120 0.1000000E+01 0.3000000E+01

13 130 0.1000000E+01 0.2500000E+01

14 140 0.1500000E+01 0.1500000E+01

15 150 0.1500000E+01 0.2500000E+01

*ELEMENT NODE IS RECONSTRUCTED

USER 1 2 140 8 <--- User number

PROGRAM 4 1 14 9 <--- Program number

USER 2 30 4 140

PROGRAM 1 3 2 14

USER 8 140 6 7

PROGRAM 9 14 6 7

USER 140 4 5 6

PROGRAM 14 2 5 6

USER 7 6 150 130

PROGRAM 7 6 15 13

USER 6 5 9 150

PROGRAM 6 5 10 15

USER 130 150 110 120

PROGRAM 13 15 8 12

USER 150 9 100 110

PROGRAM 15 10 11 8

*FORCE BOUNDARY

NODE 100-->FY= -30.000000000000 22 <-- position in global element matrix

NODE 110-->FY= -60.000000000000 16

NODE 120-->FY= -30.000000000000 24

8



*DISPLACEMENT BOUNDARY

NODE 1-->UX= 0. 7

NODE 1-->UY= 0. 8

NODE 2-->UY= 0. 2

NODE 30-->UY= 0. 6

BAND HALF WIDTH= 28

1.7 ��,��
TAU���� ��@�A���� &�e�
 e�
)]?P ������ � � X�Y ZA��[ ���"����)]?P {?tAu�� ���	�� �)X?Y�"?Z Y�e�� ���

����% �GgAh�� iAj��?> ��!�%�
���	 "�R)� ���� ��=����?>�N O?x)]�P QAz���� ����)} >�$�������1  �"){�"����
����1����
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3
0,1.0,2
1
1,21000.0,0.4
1
2,2100.0,0.4
14,3
1,1,6
1,2,3,4,5,6
2,1,6
1,6,5,9,8,7
3,1,8
8,9,5,10,11,12,13,14

1,1.0,0.0
2,1.5,0.0
3,2.0,0.0
4,2.0,1.25
5,2.0,1.5
6,1.5,1.25
7,1.0,1.25
8,1.0,1.5
9,1.5,1.5
10,2.0,1.75
11,2.0,2.0
12,1.5,2,0
13,1.0,2.0
14,1.0,1.75
3
10,2,0.166666667
13,2,0.166666667
22,2,0.666666667
4
1,1,0.0
1,2,0.0
2,2,0.0
3,2,0.0

HISAK  input data format

NGAUSS : Order of Gauss integration
NPARA :   analysis condition  , T : Thickness ,MNUM : Number of Materials

IECON(I) : Elastic properties of material 
1 : isotropic , 2 : orthotropic

case1 )  Number , Young modulus , Poisson ration
case2 )  Number , C11,C22,C33,C44,C55,C66,C12,C13,C23

NTN : Total number of nodes ,  NTE : Total number of elements

Number , NOM : Material number , NN : Number of nodes in a element 

NN(I) : Node number of a element

NUMBER , X-coordinate , Y-coordinate

NTFOR : Number of freedom which constrain the load value

IFOR : Freedom number , FB : Load value

NTDIS : Number of freedom which constrain the displacement

IDIS : Freedom number , UB : initial displacement value

S.Izumi  98-06-09

NODE , FREEDOM , LOAD

IFOR = ( NODE - 1 ) * IDIM + FREEFOM , FB =LOAD

NODE , FREEDOM , DISPLACEMENT

IDIS = ( NODE - 1 ) * IDIM + FREEFOM , UB=DISPLACEMENT

·
2: The format of the input data
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1 4 2

5

3

6
1

2 3

4

6-node,3rd integration

6-node,2nd integration

1 4 2

5

3

6

1 2

3

8-node,3rd integration

8-node,2nd integration

1 2

3

5

6

4 7

8

9

6

3

8

5

2

7

4

1

1 5 2

3
7

6

4

8

4

2

3

1

·
3: node number and integration point number on the various elements
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2 ����������	�
���
������������������������� �"!����$#"%�&�')(�*�+�,�-�.�/���0�1�2$3��"4�5�+�(�*�6������������"-�.�/��)0��

��7��98$:�� ;=<�>?6�@=A�,�B=C�D���E�F=G���H�I�J9,�K�L GNM���J�,9O�P�Q�R9J�1�S�T$3U,
EQUATOION(ABAQUS'���V�W�,�(9*�X�Y���4�Z�;�[�\9X�Y���4�Z$#�%�]�1=^�_�>�*�`�a

)
`�a�,�b�c=d�e�+�f�g$h i�j9k�*�6

O�P�Q9R�J�B=C�D���l9��m�n9o���p9q�r�s��=,9t$L�uv� ��wN1
directory( x9y9z�{ ,9/N��7�C|�

files)
;�}�~=j�,9�N�

1
input.dat

;��v��6�p�q��
2 "NGAUSS : ��� ���������
2 "MNUM : �����=������� "

2 ECON(I) : ���������������=��� 1:�"��� , 2:��������� "

1,167.4,167.4,167.4,79.6,79.6,79.6,65.2,65.2,65.2 "�����=� , C11,C22,C33,C44,C55,C66,C12,C13,C23"

1

2,21000.0,0.4 "������� , ����� � ,  �¡�¢�� £ "

27 8 "NTN : ¤�¥�¦�� , NTE : ¤�§�¨�� "

1, 2, 8, 0 "§�¨���� , ������� , ¥�¦�� , ©�ª=§�¨�«�¬��� (1 ®¯©�ª�§�¨ )

1, 2, 11, 10, 4, 5, 14, 130 "NN(I) : §�¨���¥�¦���� "

20, 2, 8, 0

2, 3, 12, 11, 5, 6, 15, 14

3, 2, 8, 0

4, 5, 14, 130, 7, 8, 17, 16

4, 2, 8, 0

5, 6, 15, 14, 8, 9, 18, 17

5, 2, 8, 0

10, 11, 20, 19, 130, 14, 23, 22

6, 2, 8, 0

11, 12, 21, 20, 14, 15, 24, 23

7, 2, 8, 0

130, 14, 23, 22, 16, 17, 26, 25

8, 2, 8, 0

14, 15, 24, 23, 17, 18, 27, 26

1, 0.0000000E+00, 0.0000000E+00, 0.0000000E+00 "¥�¦���� , XYZ °=± "

2, 0.5000000E+00, 0.0000000E+00, 0.0000000E+00

3, 0.1000000E+01, 0.0000000E+00, 0.0000000E+00

4, 0.0000000E+00, 0.0000000E+00, 0.5000000E+00

5, 0.5000000E+00, 0.0000000E+00, 0.5000000E+00

6, 0.1000000E+01, 0.0000000E+00, 0.5000000E+00

7, 0.0000000E+00, 0.0000000E+00, 0.1000000E+01

8, 0.5000000E+00, 0.0000000E+00, 0.1000000E+01

9, 0.1000000E+01, 0.0000000E+00, 0.1000000E+01

10, 0.0000000E+00, 0.5000000E+00, 0.0000000E+00

11, 0.5000000E+00, 0.5000000E+00, 0.0000000E+00

12, 0.1000000E+01, 0.5000000E+00, 0.0000000E+00

130, 0.0000000E+00, 0.5000000E+00, 0.5000000E+00

14, 0.5000000E+00, 0.5000000E+00, 0.5000000E+00

15, 0.1000000E+01, 0.5000000E+00, 0.5000000E+00

16, 0.0000000E+00, 0.5000000E+00, 0.1000000E+01

17, 0.5000000E+00, 0.5000000E+00, 0.1000000E+01

18, 0.1000000E+01, 0.5000000E+00, 0.1000000E+01

19, 0.0000000E+00, 0.1000000E+01, 0.0000000E+00

20, 0.5000000E+00, 0.1000000E+01, 0.0000000E+00

21, 0.1000000E+01, 0.1000000E+01, 0.0000000E+00

22, 0.0000000E+00, 0.1000000E+01, 0.5000000E+00
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23, 0.5000000E+00, 0.1000000E+01, 0.5000000E+00

24, 0.1000000E+01, 0.1000000E+01, 0.5000000E+00

25, 0.0000000E+00, 0.1000000E+01, 0.1000000E+01

26, 0.5000000E+00, 0.1000000E+01, 0.1000000E+01

27, 0.1000000E+01, 0.1000000E+01, 0.1000000E+01

1 "NTFOR : �����������	�	
��������� "

27,3, 1.0 "¥�¦ , 
���� (1� 3), ��� "(IFOR : 
���� , FB : ��� )

27 "NTDIS : ���������	�	
�������=� "

1, 1, 0.0000000E+00 "¥"¦ , 
���� , ��� "(IDIS : 
���� , UB : ��� )

4, 1, 0.0000000E+00

7, 1, 0.0000000E+00

10, 1, 0.0000000E+00

130,1, 0.0000000E+00

16, 1, 0.0000000E+00

19, 1, 0.0000000E+00

22, 1, 0.0000000E+00

25, 1, 0.0000000E+00

1, 2, 0.0000000E+00

2, 2, 0.0000000E+00

3, 2, 0.0000000E+00

4, 2, 0.0000000E+00

5, 2, 0.0000000E+00

6, 2, 0.0000000E+00

7, 2, 0.0000000E+00

8, 2, 0.0000000E+00

9, 2, 0.0000000E+00

1, 3, 0.0000000E+00

2, 3, 0.0000000E+00

3, 3, 0.0000000E+00

10, 3, 0.0000000E+00

11, 3, 0.0000000E+00

12, 3, 0.0000000E+00

19, 3, 0.0000000E+00

20, 3, 0.0000000E+00

21, 3, 0.0000000E+00

1 "EQUATION ���	�����	� � "

81,8 "��¥�¦ , ������¥�¦���� "

21,24,27,48,51,54,75,78 " ������¥=¦ "

���� �!�" ¢�#�$���%�&�'	(�)�*�+���,�-�.�/�§
1.5,0.1,1.0E-6 ! 1.0E-6 0�1�����2��
100,0,0,0 ! 100 0�3	4	56�	7	8 � ��9��

2.1 :<;
=�w��	>�?NB�@�n	A$��B�:�C�d9e�+�D�E�*�6
•
�	F�G

6
X�Y�d9e

(HJI �	K 1,2)

•
�	F�G

15
X�Y�d�e

(H	I �	K 2,3)

• L	M�N 8
X�Y�d9e

(HJI �	K 2,3)
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• L	M�N 20
X�Y�d�e

(H	I �	K 2,3)

X�Y����$# H	I Y�����������������K��
	 ABAQUS
#�%�]U'�(�*�6

� # 3 j L M N 8
X Y d e ������ K

Ni

; s
(4)

1 < >?6
2
� ���� � H I Y � ,������ h i A������ ' s = (ξ, η, ζ) =

(±
√

3

3
,±

√

3

3
,±

√

3

3
)
1�Z���>N*�6 ·

4
1=X�Y�� H	I Y���Z��N;�<�>?6A��v3 ,�� M�N 8

X�Y�d9e�19c9~=j�bNc�d9e�+� ��9'"!9*�#%$�1N3 jN(�*=6 d�e��&����' { ��qN1�(9k�j9, 4 )+* 1 1;�f�g�>�*
(
l���m9n�o���O�P�Q�R�J�B=C�D�����,�����-�1=S�T$3 j�k�*

)
6

1

2 3

4

5

6 7

8

ζ

ξ

η .0/01
1

2 3

4

5 6

7 8

·
4: A hexahedral 8-node isoparametric element

N1 =
1

8
(1 − ξ)(1 − η)(1 − ζ), N2 =

1

8
(1 + ξ)(1 − η)(1 − ζ)

N3 =
1

8
(1 + ξ)(1 + η)(1 − ζ), N4 =

1

8
(1 − ξ)(1 + η)(1 − ζ)

N5 =
1

8
(1 − ξ)(1 − η)(1 + ζ), N6 =

1

8
(1 + ξ)(1 − η)(1 + ζ)

N7 =
1

8
(1 + ξ)(1 + η)(1 + ζ), N8 =

1

8
(1 − ξ)(1 + η)(1 + ζ)

1

2.2 Equation 2434546+7
=�w���s��&#"$�1�,�(�*�X�Y��

j
��4�Z$#98$3 k�49Z�;�#�*�X�Y���:

(i1 ∼ in ;"< )
+�(�*����N��-�S�T�6

Ui1 − Uj = 0

Ui2 − Uj = 0

Ui3 − Uj = 0

...... (4)

Uin − Uj = 0 (5)

(6)

1NIF(INMTE),DXIF(INMTE),DETIF(INMTE),DZEIF(INMTE) =?>9@�A?B9C
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-�.�r�J��=,
input

����?�C�������1�=�w���#"$ ;�� ;�f�g�>�* (
-�.����	��


)

---------------------------------------------

1 <--- equation
��K

(5 � @�' )

81,8 <--- j
�

,i?
� � K (100 � @�' )

21,24,27,48,51,54,75,78 <-- i1,i2,i3,....

---------------------------------------------

l���m�n�o9�	���Y���,�����1���>?6

3
����� �������������� c=d�e9J9'��=,�� � !�1�=�wN��"�# $9��r %�s

Ka = f
;=�v�=��#=1 ; *=6 �9��'9, K: &�N�' ( 8���B�: C=G9,

a:4�Z�)�C$� C9,
f :
.�)�Cv� C�'�(�*�6

}�*$3 A�l9��m�n�o���=�w��
4 +�, ����JN+	-�a�'�(�*�6

•
E�F=G���H�I�J

•
��NK�L G�M���J�1�#�*

LU I �
•
O�P9Q�R�J

•
G�t�?�n�?�u�J

3.1 .0/2123�4050687290:0; LU <0= ( >8?0@2A2B�C23�62D )

E�F�G�H�1�(�k9j���,�.�)�C$� C
f
+	I�J�1�4�K�*��N#�+	L�M$h i�*�A�N	O�P�JN;�+	Q�d�'�(�*�6�O�P�J�'N� '�( 8��B�:�C�G

K
;�w��JF�q ) L

# SJF�q ) D
;���k�j

K = LDLt ���)1 I ��>�*�6 t
�	R���;TS�>?6���� #"$ ;�I �+	-�a ;�U	V ,�"�#�r�%�s������

LDz = f , Lta = z (7)

;��$����#=1�#�~�j�W U i�* 2
6

Dij , Lij

�
i ≥ j

'
Lij 6= 0

,
Lii = 1

# ; *���#�1	X y 3Uj�,

Kii =
i
∑

j=1

LijDjjLij = L2
iiDii +

i−1
∑

j=1

L2
ijDjj (8)

Kik =

j
∑

k=1

LjkDkkLjk = LijDjjLjj +

j−1
∑

k=1

LikDkkLjk (9)

���	Y�s"#[Z�,���i�\�i	=�w��&#"$�1	]�N�*���#�+='"!�*�6
2 ^`_`a`^`b`c`d`egf`_`a`f`h`c`d	i`j`kml`n`o	iqp`r`s`t`u	v`w
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Dii = Kii −

i−1
∑

j=1

L2
ijDjj (10)

Lij =

(

Kij −

j−1
∑

k=1

LikLjkDkk

)

/Djj (11)

KNLUG M=�9JN� l9�9m n9o9+=- ~ A9/�� L�C ��B=�
solve c.f

'9, ' ( 8|��B�C GN+9l9� m9n9o ���9sN1 K��=� hUi9, �
�KNL GNM�� I � (lisb.f)

+�q�K=iN*�6
solve cd.f

'���,������9-�J
(sbsub.f)

1&#�ZU4�ZN+	][N U iN*�6 ��iN�=b�	N+�
k���'���$hUi�*��"!�Y�'�(�*�6

3.2 ������07290:8;�=07 � >0?0@2A B�C23�62D��
���K)L G�M���J ;"< ������J)1�S$3 ,�O�P�Q�R�J�;� )~�A P�J�;	E F�J$#�����6�E�F�J�����Y)��, '�( 8 ��B�:�C

G��������	* I ��-�;�/���0�#�3 j���j V #�k���' A��<B �)+�2 ; k�,� �!�1�#�~�jN��" ; Z�#�$�1���%�*�# k4$ Y�'(�*�6
=�w���4	KN;�f�g$3 A�6

ccc FOR ICCG METHOD

DIMENSION NSMALL(INODE),NSNODE(INODE,INMTE*10)

DIMENSION INDEX2(IGK),INDEX5(INODE*INMTE*10),NSUM(INODE)

DIMENSION SYK(IBN*IGK)

DIMENSION WK1(IGK),WK2(IGK),WK3(IGK),WK4(IGK),WK5(IGK),WK6(IGK)

DIMENSION IWK(IGK)

c NSMALL(I) : see data.f

solve c.f
'�/��)0�;

1
����1�g�&$3 ,�Q�d ; R )�'�( ;�}�*�>�*"6 solve cg.f

'
femcg3.f

;�����)�3 j G�H$3 j�k�*�6
*�+ ��,�- ��. [3]

�
p317-320

1��9~�j�k�*�6

3.3 40/�1�2�1�3�7
l���m�n�o9��-�}�*$3 j�(�*�6�4���8�!�5	>�C�,�696

4 † 7989:9;=<?>A@?B?C
D (�{ K�; 2

������'9-�.�>�*�r�J�1�E�k9j�F���*�6
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4.1 Orthotropic(Orthorhombic)























σx

σy

σz

τxy

τxz

τyz























=























C11 C12 C13 0 0 0

C12 C22 C23 0 0 0

C13 C23 C33 0 0 0

0 0 0 C44 0 0

0 0 0 0 C55 0

0 0 0 0 0 C66













































εx

εy

εz

γxy

γxz

γyz























(12)

• �	M T�.
σz = τxz = τyz=0 ; ��'�,

C13εx + C23εy + C33εz = 0 (13)

εz = −
1

C33

(C13εx + C23εy) (14)

��i U ;�s (12)
1��9-�>�*�6

εz

��s
(14)

;� 4$�6







σx

σy

τxy






=







D11 D12 0

D12 D22 0

0 0 D44













εx

εy

γxy






(15)

D11 =
1

C33

(C11C33 − C2
13) (16)

D12 =
1

C33

(C12C33 − C13C23) (17)

D22 =
1

C33

(C22C33 − C2
23) (18)

D44 = C44 (19)

• �	M���� -
εz = γxz = γyz=0 ; ��'�,







σx

σy

τxy






=







C11 C12 0

C12 C22 0

0 0 C44













εx

εy

γxy






(20)

σz = C13εx + C23εy (21)
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4.2 Cubic

C11 = C22 = C33, C12 = C13 = C23























σx

σy

σz

τxy

τxz

τyz























=























C11 C12 C12 0 0 0

C12 C11 C12 0 0 0

C12 C12 C11 0 0 0

0 0 0 C44 0 0

0 0 0 0 C44 0

0 0 0 0 0 C44













































εx

εy

εz

γxy

γxz

γyz























(22)

• �	M T�.
σz = τxz = τyz=0 ; ��'�,

C12εx + C12εy + C11εz = 0 (23)

εz = −
C12

C11

(εx + εy) (24)

��i U ;�s (22)
1��9-�>�*�6

εz

��s
(24)

;� 4$�6







σx

σy

τxy






=







D11 D12 0

D12 D11 0

0 0 D44













εx

εy

γxy






(25)

D11 =
1

C11

(C2
11 − C2

12) (26)

D12 =
1

C11

(C12C11 − C2
12) (27)

D44 = C44 (28)

• �	M���� -
εz = γxz = γyz=0 ; ��'�,







σx

σy

τxy






=







C11 C12 0

C12 C11 0

0 0 C44













εx

εy

γxy






(29)

σz = C12(εx + εy) (30)
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• � u9m��$#����	Y

S11 =
C11 + C12

(C11 − C12)(C11 + 2C12)
, S12 =

−C12

(C11 − C12)(C11 + 2C12)
, S44 =

1

S44

(31)

C11 =
S11 + S12

(S11 − S12)(S11 + 2S12)
, C12 =

−S12

(S11 − S12)(S11 + 2S12)
, C44 =

1

S44

(32)

E =
1

S11

, ν =
−S12

S11

, G =
1

S44

(33)

��i U ;���-�>�*�#
– �	M T�.

D11 =
E

1 − ν2
, D12 =

Eν

1 − ν2
, D44 = G (34)

εz = ν(σx + σy) (35)

– �	M���� -

C11 =
E(1 − ν)

(1 + ν)(1 − 2ν)
, C12 =

Eν

(1 + ν)(1 − 2ν)
, C44 = G (36)

σz = −
ν

E
(σx + σy) (37)

4.3 Isotropic

C44 =
C11 − C12

2
, G =

E

2(1 + ν)
(38)

• �	M T�.







σx

σy

τxy






=

E

1 − ν2







1 ν 0

ν 1 0

0 0 (1 − ν)/2













εx

εy

γxy






(39)

εz = ν(σx + σy) , σz = 0 (40)
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• �	M���� -







σx

σy

τxy






=

E(1 − ν)

(1 + ν)(1 − 2ν)







1 ν(1 − ν) 0

ν(1 − ν) 1 0

0 0 (1 − 2ν)/2(1 − ν)













εx

εy

γxy






(41)

σz = −
ν

E
(σx + σy) , εz = 0 (42)

5 †Equation
��� ���������
	����?B��������� � ����������	�
�����

• const.inc

cccc FOR EQUATION

c NAEQ : NUMBER OF EQUATION

c NEQB : ROOT FREEDOM

c NTEQ : NUMBER OF COPY FREEDOM

c NEQ : COPY FREEDOM

COMMON /EQ0/ NAEQ

COMMON /EQ1/ NEQB(5),NTEQ(5)

COMMON /EQ2/ NEQ(5,100)

• data.f
1�-�.���f�g
READ(1,*)NAEQ

IF (NAEQ.EQ.0) goto 88

DO 80 I = 1,NAEQ

READ(1,*)NEQB(I),NTEQ(I)

READ(1,*)(NEQ(I,J),J=1,NTEQ(I))

80 CONTINUE

88 CONTINUE

• band.f

equation
;� �~�A��&��1�D�u4	���+���+9*���#�1�S�T$3 A ��

• merge.f

&	N '�( 8���B�C�G����[N���-������	��
• bound.f.�) C$� C��	��
• output.f

equation
'�� V i�A9X�Y���4�Z�;�8$3��U>�*	��
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6 † ������������	���
��
FEM-MD

����P JN1(9k j ,���N;
FEM

A :���5?1 � N ����P JN; $ 6"d e�� �9( * YN� Z �N; ,"� � d9e ��� �
�����

(ξ, η, ζ)
'�S�> P�J�;=<�> 69d�eN��X�YN���&����;

(xi, yi, zi)(i
�

1 � 8)
# >N*�# ,�X * >�*�YN���&� (xa, ya, za)��,�����Y������������

(ξa, ηa, ζa)
;� �E V ,	=�w���s�' S�>���#�+�)���*=6

xa =
8
∑

i=1

Ni(ξa, ηa, ζa)xi

ya =
8
∑

i=1

Ni(ξa, ηa, ζa)yi

za =
8
∑

i=1

Ni(ξa, ηa, ζa)zi (43)

s
(43)

;�=�w���#"$�1��"! ��>?6

fx(ξa, ηa, ζa) =

8
∑

i=1

Ni(ξa, ηa, ζa)xi − xa = 0

fy(ξa, ηa, ζa) =

8
∑

i=1

Ni(ξa, ηa, ζa)yi − ya = 0

fz(ξa, ηa, ζa) =

8
∑

i=1

Ni(ξa, ηa, ζa)zi − za = 0 (44)

���	"�#�$9��r�%�s�;��$� A�N91�s
(46)

�
(∆ξ,∆η,∆ζ)

;� �~�A�E F�G�H
(
s

(47))
;�q�~�A�6

A =







∂fx

∂ξ
∂fx

∂η
∂fx

∂ζ
∂fy

∂ξ

∂fy

∂η

∂fy

∂ζ
∂fz

∂ξ
∂fz

∂η
∂fz

∂ζ






(45)











∆ξ

∆η

∆ζ











= −A−1











fx(ξk, ηk, ζk)

fy(ξk, ηk, ζk)

fz(ξk, ηk, ζk)











(46)

ξk+1 = ξk + ∆ξ

ηk+1 = ηk + ∆η

ζk+1 = ζk + ∆ζ (47)
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